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NOVEL PARENTERAL VACCINE FORMULATIONS AND USES THEREOF 

The present invention concerns the field of parenteral 
vaccine formulations and adjuvant compositions comprising 
5 certain salts as adjuvants. Such novel parenteral vaccine 
formulations are used for generating an immune response 
in a subject, including a vertebrate such as a human, 
following administration of the vaccine formulation. The 
invention further relates to the use of these salts as 
10 adjuvants in parenteral vaccine formulations and adjuvant 
compositions, and to vaccine adjuvants comprising such 
salts . 
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BACKGROUND OF THE INVENTION 


Immunological adjuvants are substances that, when 
administered together with an antigen, have the capacity 
to augment the immune response to the antigen. When used 
as a component in a vaccine formulation, the adjuvant 

2 0 improves the immunogenicity of the vaccine in the sense 
that it will enhance the immune response of the 
vaccinated subject, thereby reducing the amount of the 
vaccine component, or reducing the number of 
administrations needed to induce the desired immune 

25 response. 

The induced effector immune response may either be of a 
humoral nature, i.e. an antibody response, or of a 
cellular nature, i.e. a cytotoxic T-cell response, or the 

30 effector response may be a mixture of both. Both cellular 
and humoral immune responses require help from T helper 
lymphocytes. Adjuvants that cause inflammation or induce 
pro-inflammatory cytokines will induce a Type-1 T helper 
response (Thi) involving production of IL-12, IL-2 and 

35 iNFy. These cytokines support induction of cytotoxic T- 
lymphocyte (CTL) responses, neutrophil inflammation and 
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Thi antibody responses, such as IgGl and IgG3. Non- 
inflammatory adjuvants are more likely to induce a Type-2 
helper response (Th : ) involving production of the 
cytokines IL-4, IL-5 and IL-10. These cytokines can down- 
5 regulate Thi responses, and promote induction of Th- 
antibodies such as IgE and IgG4 as well as some cellular 
responses such as eosiniphilia . 

Although adjuvants have been applied in the field of 
10 immunology and vaccine technology for many years, the 
underlying mechanisms of action are not completely 
understood. This has certainly complicated targeted 
research for identifying new adjuvant candidates. 

15 Several substances have been or are currently being 
investigated for their adjuvant properties, A few 
examples are aluminium salts, PLG (polylactide co- 
glycolide) , oil in water emulsions such as MF59 (a 
squalene in water emulsion), Quil A, Qs-21 and ISCOMs. 

20 However, many of the tested adjuvants have several 
drawbacks, including ineffectiveness with some antigens, 
contact hypersensitivity, subcutaneous nodules, and 
granulomatous inflammation. Others still await critical 
evaluation in clinical trials. 

25 

f Thus, there is still a strong need for improved or safer 

adjuvants which can be used in human vaccines. 

SUMMARY OF THE INVENTION 

30 

It has surprisingly been found that certain salts are 
particularly suited as adjuvants in vaccine formulations 
for parenteral administration. Such salts are further 
particularly suited as components of adjuvant 
35 compositions. 
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Thus, the present invention concerns parenteral vaccine 
formulations comprising at least one immunogenic 
substance, and as an adjuvant one or more salts selected 
from salts formed with a Group 2 element of the Periodic 
5 Table or a Group 4 element of the Periodic Table, 
and hydrates thereof, 

with the proviso that the salt is not calcium phosphate. 

The present invention further concerns adjuvant 
10 compositions comprising one or more salts selected from 
salts formed with a Group 2 element of the Periodic Table 
or a Group 4 element of the Periodic Table, 
and hydrates thereof, 

with the proviso that the salt is not calcium phosphate. 

15 

The present invention also relates to adjuvants 
comprising such salts. 

In further aspects, the present invention concerns the 
20 use of the adjuvants and adjuvant compositions as 
components of vaccine formulations for parenteral 
administration, the use of such salts as adjuvants in 
vaccine formulations for parenteral administration, and 
the use of such salts as components of adjuvant 
25 compositions. 

The present invention also relates to methods of 
generating an immune response, which methods comprise 
administering the vaccine formulations by a parenteral 
30 route. 


The present invention also enables vaccination or 
treatment by administration of the vaccine formulation 
according to the invention. 


35 
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Furthermore, the present invention relates to a process 
for preparing the adjuvant compositions and parenteral 
vaccine formulations of the invention. 

5 BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the results obtained in Example 1 with 
parenteral vaccine formulations according to the 
invention. As adjuvant is used magnesium hydroxide, 
10 magnesium carbonate hydroxide pentahydrate, or titanium 
dioxide. As immunogenic substance is used Tetanus toxoid. 
The results are compared to vaccine formulations either 
containing aluminium hydroxide as adjuvant, or containing 
no adjuvant, and as immunogenic substance Tetanus toxoid. 

15 

Figures 2A and 2B show the results obtained in Example 2 
with parenteral vaccine formulations of the invention. As 
adjuvant is used magnesium hydroxide, magnesium carbonate 
hydroxide pentahydrate, or titanium dioxide. As 
20 immunogenic substance is used Tetanus toxoid. The results 
are compared to vaccine formulations either containing 
aluminium hydroxide as adjuvant, or containing no 
adjuvant, and as immunogenic substance Tetanus toxoid, 

25 DETAILED DESCRIPTION OF THE INVENTION 

As mentioned above, the mechanisms of action of adjuvants 
are not completely understood. There are, however, some 
general theoretical principles by which an adjuvant may 
30 exert its effect, namely 

(1) the adjuvant may create a depot of the antigen 
resulting in a prolonged slow release over time, thereby 
reducing the need for booster vaccinations, 

35 
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(2) the adjuvant may enhance antigen uptake by antigen 
presenting cells (APCs) allowing the antigen to gain 
access to intracellular antigen processing pathways, and 

5 (3) the adjuvant may be pro-inflammatory, i.e. attract 
and activate macrophages, monocytes, and other cells of 
the immune system, or stimulate cytokine production. 

Furthermore, several other factors relating to 
10 adjuvanicity are believed to promote the immunogenicity 
of antigens. These include 

(1) rendering antigens particulate, e.g. aluminium salts, 

(2) polymers or polymerisation of antigens, 

15 (3) slow antigen release, e.g. emulsions or micro- 
encapsulation, 

(4) bacteria and bacterial products, e.g. CFA, 

(5) other chemical adjuvants, e.g. poly-I:C, dextran 
sulphate and inulin, 

20 (6) cytokines, and 

(7) antigen targeting to APC. 

While a number of adjuvants (e.g. aluminium salts, PLG, 
ISCOMs, MF59, MPL, I FA (Freund's incomplete adjuvant), 
25 CFA (Freund's complete adjuvant), Quil A, and Qs-21) have 
been used in experimental and veterinary medicine, 
aluminium salts (aluminium hydroxide and aluminium 
phosphate) are currently the only adjuvants used 
routinely in humans. 

30 

Aluminium based vaccines are most commonly manufactured 
by mixing pre-formed aluminium phosphate or hydroxide 
gels with the antigen, resulting in adsorption of the 
antigen to the gel. Aluminium salts are believed to exert 
35 their effect as adjuvants by several mechanisms. It is 
believed that aluminium salts create a depot of antigen 


6 


at the site of injection, and attract various cells of 
the immune system, thus creating a local inflammatory 
environment. Aluminium salts are most likely taken up by 
antigen presenting cells. Particles of a size of or less 
5 than 10 pm are effectively taken up by antigen presenting 
cells. The particle size of aluminium gels is 0.5-10 pm, 
making this plausible (see ref . 6) . 

Although aluminium salts are relatively cheap and easy to 
10 manufacture and, in addition, have an excellent track 
record of safety and adjuvanticity, there are certain 
problems connected with the use of aluminium compounds. 
These include local reactions such as erythema, contact 
hypersensitivity, subcutaneous nodules, and granulomatous 
15 inflammation, augmentation of specific and total IgE 
antibody responses (an undesired antibody type in certain 
pathogenic conditions such as allergies) in both 
experimental animals and in humans- In addition, 
aluminium salts have been reported to be ineffective as 
20 adjuvants with some antigens, cf. Gupta et al . (ref. 1). 

A disturbing observation has further been reported. It 
has been suggested in some studies that aluminium can 
cause experimental degenerative disorders of the central 

25 nervous system, cf. Rao et al. (ref. 2), Although there, 
as yet, is no clinical evidence linking the use of 
aluminium-containing vaccines to the development of human 
neuro-degenerative disorders such as Alzheimer's disease, 
a connection has been postulated and widely debated, cf. 

30 Savory et al. (ref. 3) . This has generated some anxiety 
concerning the continuous use of aluminium-containing 
adjuvants in humans, and the search for alternative, 
aluminium free adjuvants has been called for. 

35 Thus, many adjuvant candidates have been suggested. Many 
of these promising new adjuvant candidates have, however, 
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failed to pass the developmental stage, because they have 
been shown to lack one or several of the characteristics 
desired for adjuvants, when tested in pre-clinical 
trials, cf . Newman (ref . 4) . Many adjuvant candidates 
5 have displayed unacceptable levels of toxicity, thus 
limiting the applicability to very serious conditions, 
such as chronic viral infection, cancer or HIV therapy, 
where the use of adjuvants inducing higher levels of 
local or systemic side effects may be more acceptable. 

10 Some of the candidates have proven too costly to 
manufacture, or the manufacturing and purification 
process is too complicated to be feasible. Furthermore, a 
good adjuvant for human use should display physico- 
chemical stability for longer periods, preferably a year, 

15 and some adjuvant candidates have proven to have a 
limited shelf life. 

PLG polymers were initially developed for use as 
biodegradable surgical sutures, and depot-formulation of 

20 various hormones. The characteristics of PLG (bio- 
degradability, documented safety in humans, and 
relatively easy manufacturing) made it an obvious vaccine 
delivery candidate. The system is based on encapsulation 
of the antigen, and, if necessary, other components in 1- 

25 100 |im microspheres. When the particle is degraded, the 
antigen is released. The kinetics of the release can be 
adjusted by altering the composition of the polymers. 
Smaller microspheres (<10 jam) will be taken up by antigen 
presenting cells, thus targeting the antigen to 

30 immunocompentent tissues. The main drawback of the PLG 
technology is the harsh physical and chemical conditions 
needed in the manufacturing process, which may render 
this technology useless with certain labile antigens. 
Although a good safety profile of PLG has been 

35 established, the adjuvant icity of PLG vaccines still 
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awaits critical evaluation in clinical trials, cf. Newman 
(ref . 4) . 

Oil in water emulsions such as MF59 (a squalene in water 
5 emulsion) are more liquid than water in oil emulsions, 
and are therefore not intended to form a depot of antigen 
at the site of injection. Rather, it is believed that the 
oil in water emulsions exert their adjuvant effect when 
droplets are taken up by antigen presenting cells, cf. 

10 O'Hagan et al . (ref. 5). The emulsion is prepared and 
subsequently the antigen added, thus making the 
technology suitable for fragile or labile antigens, or 
purposes where the retention of the three dimensional 
structure of the antigen is required, cf. Newman (ref, 

15 4) . The potency of MF59 vaccines is reportedly up to 50- 
fold higher than vaccines delivered as aluminium salt 
formulations, in a number of animal models, cf. O'Hagan 
et al. (ref. 5). The MF59 adjuvant reportedly induces an 
antibody response, rather than a cellular immune 

20 response, and is thus better suited for use in vaccines 
aiming at augmenting or inducing antibody responses, cf. 
Newman ( ref . 4) . 

Other adjuvant systems such as Quil A, Qs-21 and ISCOMs 
25 are based on natural products, namely saponins (sterol 
and triterpenoid glycosides, derived from the bark of the 
Quilaja saponiaria tree). Quil A is a crude preparation 
of more than 20 Quilaja saponins, and is currently used 
for veterinary vaccine technology. However, owing to the 
30 heterogenecity and toxicity of the product, Quil A is not 
suitable for use in human vaccines. This lead to further 
purification of the individual saponins in Quil A. 
Experimental vaccine and toxicology studies led to the 
identification of the Qs-21 as the saponin best suited 
35 for use in human vaccines, cf. Newman (ref. 4). Both Quil 
A and Qs-21 can elicit cellular immune responses as well 
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as antigen responses in experimental animals. Qs-21 is 
currently being tested in clinical trials. ISCOMs 
{immunostimulatory complexes) are spherical, hollow 
particles composed of cholesterol, saponin and phos- 
5 pholipid. Vaccine studies in animals have shown that 
lower doses of saponins are required to induce similar 
immune responses, when ISCOMs formulations are used. 
However, ISCOMs are relatively complicated to 
manufacture, and the advantage over Qs-21 is still 
10 debated, cf. Newman (ref. 4). 

As evident from the above, there is a need for suitable 
adjuvants, in particular such suited for human use. There 
are several key features which an ideal adjuvant 
15 candidate should most preferably display, namely 

(1) Safety . The adjuvant should preferably be sufficient 
non-toxic and biodegradable, and preferably induce 
minimal local and systemic reactions. 

20 

(2) Potency . The adjuvant should preferably be able to 
reduce the amount of antigen and/or number of 
applications needed in order to induce a long-lasting 
immune response (be it an antibody or cellular response) . 

25 

(3) Stability . The adjuvant should preferably be stable 
for longer periods, preferably for more than a year, at 
4°C or room temperature. Also, the manufacturing process 
should not have any detrimental effect on the antigen. 

30 

(4) Manufacturing and costs . The adjuvant should 
preferably be easy and cheap to manufacture in order not 
to increase the manufacturing costs of the vaccine 
tremendously. 

35 
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The present invention provides adjuvants which fulfil 
some or all of the above criteria. It has surprisingly 
been found that certain salts are capable of acting as 
adjuvants in parenteral vaccine formulations. 

5 

Thus, in a first aspect, the present invention relates to 
parenteral vaccine formulations comprising at least one 
immunogenic substance, and as an adjuvant one or more 
salts selected from salts formed with a Group 2 element 
10 of the Periodic Table or a Group 4 element of the 
Periodic Table, 
and hydrates thereof, 

with the proviso that the salt is not calcium phosphate. 

15 The advantages of the adjuvant salts are numerous- It has 
surprisingly been found that these salts act as adjuvants 
when included in parenteral vaccine formulations, 
implying that it will in many cases be possible to reduce 
the amount of immunogenic substance needed to induce an 

20 immune response. Moreover, the adjuvanicity of these 
salts can in some cases induce an immune response with an 
earlier onset and/or prolonged persistence, when compared 
to a conventionally used adjuvant. Accordingly, the 
number of booster vaccinations to obtain and maintain the 

25 desired level of immunity may be reduced. Moreover, 
studies indicate that the use of the salts described 
herein in vaccine formulations for parenteral use will in 
some cases increase the magnitude of the immune response, 
even to greater extents than seen with the conventionally 

30 used aluminium hydroxide. 

A reason for this could be that the adjuvant salts exert 
their effect as adjuvants by creating a depot of the 
immunogenic substance, resulting in a slow and prolonged 
35 release of the immunogenic substance over time. On the 
other hand, the salts could also promote uptake of the 
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immunogenic substance by antigen presenting cells. It 
should, however, be emphasised that this is a hypothesis, 
and should therefore have no limiting effect. 

5 The salts can be characterised by a number of physical- 
chemical properties. These properties are believed to 
influence the salt's ability to act as an adjuvant to a 
greater or lesser extent. For instance, the solubility 
constant, the lattice energy, the nature of binding 

10 (covalent binding contra ionic binding) , the pH, the 
oxidation stage, the particle size, and the ability to 
adsorb the immunogenic substance could all be involved. 
The compounds listed in the Examples have a low 
solubility and high lattice energy. Furthermore, the 

15 vaccine formulations of the Examples are slightly 
alkaline. Thus, some of the characteristics may be 
important in connecting with adjuvanicity . However, it is 
to be understood that the above are hypothesises and 
therefore should have no limiting effect on the scope of 

20 the invention. 

The salts falling within the definition above are known 
chemical compounds, and some are currently being applied 
in veterinary or human medicine as laxatives, antacids or 
25 in cosmetic applications, cf» the examples in the table 
below. None of the salts have previously been used in 
parenteral vaccine formulations as sole adjuvants. 


12 


Name 

Compound 

Solubility 1 

Current use 

Dose 2 

Magnesium 
hydroxide 

Mg (OH) 2 

Insoluble 

Antacid (h) , cathartic 
laxative (v) 

0.5 

Magnesium 
carbonate 
hydroxide 
pentahydrate 

(MgC0 5 )4 
Mg{OH) r 
5H 2 0 

Low / 
insoluble 

Antacid <h) , 
laxative (v) 

0.5 

Titanium 
oxide 

Ti0 2 

Insoluble 

Topical protection (h) 
/ cosmetic applications 
<h) 

1.0 


1 Solubility in water, according to manufacturer 


- Recommended maximum dose (g per kg bodyweight) 
h approved for use in humans 
v approved for veterinary use 

5 

As used herein, the term 'adjuvant" refers to an 
immunological adjuvant. By this is meant a compound that 
is able to enhance the immune system's response to an 
immunogenic substance. The term * immunogenic" refers to a 

10 substance or active ingredient which when administered to 
a subject, either alone or with an adjuvant, induces an 
immune response in the subject. The term * immune 
response" includes specific humoral, i.e. antibody, as 
well as cellular immune responses, the antibodies being 

15 serologic as well as secretory and pertaining to the 
subclasses IgM, IgD, IgG, IgA and IgE as well as all 
isotypes, allotypes, and subclasses thereof. The terra is 
further intended to include other serum or tissue 
components. The cellular response includes Type-1 and 

20 Type-2 T-helper lymphocytes, cytotoxic T-cells as well as 
natural killer (NK) cells. 

The concept of vaccination/immunisation is based on two 
fundamental characteristics of the immune system, namely 
25 specificity and memory. The first vaccination/- 
immunisation will initiate a response specifically 
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directed to the antigen with which the subject was 
challenged. Furthermore/ a population of memory B and T 
lymphocytes will be induced. Upon re-exposure to the 
antigen or the pathogen it is derived from, the immune 
5 system will be primed to respond much faster and much 
more vigorously, thus endowing the vaccinated/ immunised 
individual with immunological protection against the 
pathogen. 

. 10 It lies within the scope of the present invention to use 
one or more immunogenic substances in the vaccine 
formulation. A case where the vaccine comprises more than 
one immunogenic substance is the so-called combination 
vaccines . 

15 

Examples of immunogenic substances are antigens, 
allergens, allergoids, peptides, proteins, haptens, 
carbohydrates, peptide nucleic acids (PNAs, a sort of 
synthetic genetic mimic) , and viral or bacterial material 

20 as well as analogues or derivatives thereof. In the 
present context, the term ^analogues or derivatives' 7 is 
intended to include modified forms of the immunogenic 
substance. The modification can be made by chemical 
modification or synthetic modification, e.g. by 

25 PEGylation (PEG = polyethylene glycol), biotinylation, 
deamination, maleination, substitution of one or more 
amino acids, by cross-linking, by glycosylation, or by 
other recombinant or synthetic technology. The term is 
also intended to include natural-occurring mutations, 

30 isoforms and retroinverse analogues. 

In particular such immunogenic substances may be natural, 
recombinant or modified proteins or fragments thereof, 
antigens, allergens, allergoids, peptides, haptens 
35 conjugated on a suitable carrier like KLH (hey hole 
limpet hemocyanin) or Tetanus toxoid, carbohydrates, 
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optionally inactivated or attenuated bacteria or virus as 
well as components thereof, RNA, DNA, PNA, parasites or 
retroviruses, parasitic material, mycoplasma, or toxins, 
e.g. such derived from 

5 

Tetanus toxoid, Diphtheria toxoid, Cholera toxin A and B 
subunits, Rubella, Rhabdovirus (rabies), Myoxoviruses, 
Paramyoxyviruses like parainfluenza virus, mumps and 
measles, Picornaviruses like poliovirus, coxsackievirus, 

10 echovirus and rhinovirus, Reoviruses, Poxviruses like 
small pox virus, Vaccinia virus and cowpox virus, 
Papovaviruses like polyoma virus, papilloma virus and SV- 
40, Adenoviruses, EBV like mononucleosis virus, 
Parvoviruses like HPV B19, Herpes viruses like Herpes 

15 simplex virus, and Herpes zoster virus (Varicella virus), 
Cytomegalovirus (CMV) , Arboviruses like yellow fever and 
Dengue fever, Retroviruses like HIV, Hepatitis viruses 
like Hepatitis A, Hepatitis B and Hepatitis C, 
Haemophilius influenzae type B, Mycobacterium like M. 

20 tuberculosis, M. bovis, M. africanum, M. microti, M. 
avium, M. intracellulare, M. kansasii, M. gordonae, M. 
paratuberculosis, and M. lepramurium, Borrelia spp. like 
B. burgdorferi, in particular B. burgdorferi sensu lato 
and B. burgdorferi sensu stricto, B. garinii, B. afzelii, 

25 B. duttoni and B. recurrentis, Bordetella pertussis 
(whooping cough), Salmonella spp. like S. typhimurium and 
S. typhi, Treponema spp. like T. pallidum, Leptospira 
spp., Campylobacter spp. like C. jejuni, Helicobacter 
spp. like H. pylori, Pseudomonas spp., Legionella spp., 

30 Neisseria spp. like N. gonorrhoea and N. menigitidis, 
Chlamydia spp. like C. trachomatis, C. pneumonia and C. 
psittae, Enterobacter spp., Klebsiella spp., Yersinia 
spp., Vibrio spp. like Vibrio cholerae, Gardnerella spp., 
Rickettsia spp., Clostridium spp. like C. difficile, C. 

35 botulinum and C. tetani, Lactobacillus spp., Listeria 
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spp., and Mycoplasma spp. like M. pneumoniae M. hominis, 
Plasmodium falciparum, and Leishmania donovani, 

moulds and fungi such as Clahdosporium, Alternaria, 
5 Aspergillus, Besidiomycetes, Candida albicans, and 
Penicillinum, 

allergoids such as glutaraldehyde or PEG modified 
allergen complexes . 

10 

Examples of immunogenic substances used in combination 
vaccines are immunogenic substances involved with 
Diphteria-Tetanus-Wooping cough-Polio, Measles-Parotitis- 
Rubella, and Hepatitis A and B. 

15 

Non-limiting examples of allergens to be used in the 
parenteral vaccine of the invention include inhalation 
allergens originating i.a. from trees, grasses, herbs, 
fungi, house dust mites, storage mites, cockroaches and 

20 animal hair, feathers, and dandruff. Important pollen 
allergens from trees, grasses and herbs are such 
originating from the taxonomic orders of Fagales, Oleales 
and Pinales including i.a. birch (Betula) , alder (Alnus) , 
hazel {Corylus) , hornbeam (Carpinus) and olive (Olea) , 

25 the order of Poales including i.a. grasses of the genera 
Lolium, Phleum, Poa, Cynodon t Dactylis and Secale, the 
orders of Asterales and Urticales including i.a. herbs of 
the genera Ambrosia and Artemisia. Important inhalation 
allergens from fungi are i.a. such originating from the 

30 genera Alternaria and Cladosporium. Other important 
inhalation allergens are those from house dust mites of 
the genus Dermatophagoides, storage mites from the genus 
Lepidoglyphys destructor, those from cockroaches and 
those from mammals such as cat, dog, horse, cow, and 

35 bird. Further, allergens to be used may be derived from 
venom allergens including such originating from stinging 


or biting insects such as those from the taxonomic order 
of Hymenoptera including bees, wasps, and ants. 

It is to be understood that the term derived from 
includes the naturally-occurring substance as well as 
isoforms thereof. Furthermore, the substance may be 
prepared by means of recombinant or synthetic techniques. 
Specific allergen components are known to the person 
skilled in the art and include e.g. Bet xr 1 (S. 
verrucosa, birch), Aln g 1 (Alnus glutinosa, alder), Cor 
a 1 (Corylus avelana, hazel) and Car b 1 (Carpinus 
betulus, hornbeam) of the Fagales order. Others are Cry j 
1 (Pinales) , Amb a 1 and 2, Art v 1 (Asterales) , Par j 1 
(Urticales) , Ole e 1 (OJeaies) , Ave e 1, Cyn d 1, Dac g 

1, Fes p 1, Hoi 1 1, Lol p 1 and 5, Pas n 1, Phi p 1 and 
5, Poa p 1, 2 and 5, Sec c 1 and 5, and Sor h 1 (various 
grass pollens), Alt a 1 and Cla h 1 (fungi), Der f 1 and 

2, Der p 1 and 2 (house dust mites, D. farinae and D. 
pteronyssinus, respectively), Lep d 1, Bla g 1 and 2, Per 
a 1 (cockroaches, Blatella germanica and Periplaneta 
americana, respectively), Fel d 1 (cat), Can f 1 (dog), 
Equ c 1, 2 and 3 (horse), Apis m 1 and 2 (honeybee), Ves 
g 1, 2 and 5, Pol a 1, 2 and 5 (all wasps) and Sol i 1, 
2, 3 and 4 (fire ant) . 

As specified above, the salts to be used as adjuvants in 
the vaccine formulations for parenteral use is such 
formed with a Group 2 or Group 4 element of the Periodic 
Table, i.e. salts formed with Be, Mg, Ca, Sr, Ba, Ra, Ti, 
Zr, Hf, or Rf. Here it is to be understood that the salts 
are composed of a cationic part and an anionic part. The 
Group 2 or Group 4 elements constitute the cationic part. 
The salts to be used may be so-called double salts. 
Hydrates, e.g. mono-, di-, tri-, tetra- and penta- 
hydrates, of the salts also lies within the scope of the 
invention. Di- or trications (e.g. tricalcium) are also 


part of the scope of the invention, Di- or trianions 
(e.g. disulphate) are also a part of the scope of the 
invention . 

The salt may be an organic salt or an inorganic salt. 

When the salt is an organic salt, examples of anion part 
are acetates, oxalates, citrates, and tartrates. 

The salt to be used in the present invention is 
preferably an inorganic salt. 

In an embodiment, the parenteral vaccine formulation 
according to the invention is such, wherein the adjuvant 
is selected from salts formed with oxides, peroxides, 
hydroxides, carbonates, phosphates, pyrophosphates, 
hydrogenphosphates, dihydrogenphosphates, sulphates, and 
silicates, 

and hydrates thereof, however having regard to the 
proviso above. 

In another embodiment, the parenteral vaccine formulation 
is such, wherein the adjuvant is selected from salts 
formed between Mg, Ca, Ba, Ti, or Zr, and oxide, 
peroxide, hydroxide, and/or carbonate, 
and hydrates thereof. 

In a particular embodiment, the parenteral vaccine 
formulation of the invention is such, wherein the 
adjuvant is selected from salts formed between 

magnesium and oxide, peroxide, hydroxide, and/or 
carbonate, 

calcium and oxide, peroxide, hydroxide, and/or carbonate, 
barium and oxide, peroxide, hydroxide, and/or carbonate, 
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titanium and oxide, peroxide, hydroxide, and/or 
carbonate, and 

zirconium and oxide, peroxide, hydroxide, and/or 
carbonate, 

and hydrates thereof. 


In a preferred embodiment, the parenteral vaccine 
formulation of the invention is such, wherein the 
adjuvant is selected from magnesium hydroxide, magnesium 
carbonate hydroxide pentahydrate, titanium dioxide, 
calcium carbonate, barium hydroxide, barium peroxide, 
barium carbonate, barium sulphate, beryllium oxide, 
calcium sulphate, calcium silicate, dicalcium silicate, 
tricalcium silicate, calcium pyrophosphate, calcium 
peroxide, calcium hydroxide, tricalcium phosphate, 
calcium hydrogenphosphate, calcium dihydrogenphosphate, 
calcium sulphate dihydrate, magnesium carbonate, 
magnesium oxide, magnesium dioxide, magnesium sulphate, 
trimagnesium phosphate, magnesium silicate, dimagnesium 
trisilicate, magnesium trisilicate, titantium disulphate, 
zirconium dioxide, zirconium hydroxide, zirconium 
sulphate, strontium peroxide, and strontium carbonate. 

The parenteral vaccine formulation of the invention is 
preferably such, wherein the adjuvant is selected from 
magnesium hydroxide, magnesium carbonate hydroxide 
pentahydrate, and titanium dioxide. 


In an embodiment, the adjuvant is selected so as to 
comprise one or more salts having a low solubility and/or 
high lattice energy. 


In some cases, the parenteral vaccine formulation 
according to the invention may further comprise an 
additional adjuvant. Such additional adjuvant is selected 
from conventionally used adjuvants. Examples of such 


additional adjuvants include saponins such as Quil A and 
Qs-21, oil in water emulsions such as MF59, MPL, PLG, 
PLGA, aluminium salts, calcium phosphate, water in oil 
emulsions such as I FA (Freund's incomplete adjuvant) and 
CFA (Freund's complete adjuvant), interleukins such as 
IL-lp, IL-2, IL-7, IL-12, and INFy, Adju-Phos*, glucan, 
antigen formulation, Cholera Holotoxin, liposomes, DDE, 
DHEA, DMPC, DMPG, DOC/Alum Complex, ISCOMs®, muramyl 
dipeptide, monophosphoryl lipid A, muramyl tripeptide, 
and phospatidylethanolamine (see also * Vaccine Design. 
The Subunit and Adjuvant Approach", Chapter 7 (ref , 6)). 
In a preferred embodiment, the additional adjuvant is 
selected from saponins such as Quil A and Qs-21, MF59, 
MPL, PLG, PLGA, calcium phosphate, and aluminium salts. 

Furthermore, the parenteral vaccine formulation of the 
invention may suitably comprise one or more pharma- 
ceutical^ acceptable excipients and carriers. Examples 
of such are diluents, buffers, suspending agents, wetting 
agents, solubilising agents, pH-adjusting agents, 
dispersing agents, preserving agents, and/or colorants. 

The vaccine formulation of the inventions is administered 
by a parenteral route. The parenteral route includes 
intravenous, intramuscular, intraarticular, subcutaneous, 
intradermal, epicutantous/ transdermal, and intra- 
peritoneal administration. 

The cation of the adjuvant salt is preferably present in 
the vaccine in an amount of from about 0.0004 to about 
120 M, such as from about 0.004 to about 12 M, preferably 
from about 0.008 to about 6 M. 

The amount of the additional adjuvant depends on the 
adjuvant and the immunogenic substance in question, and 
will be the subject to optimisation. However, the person 


skilled in the art will readily know how to optimise the 
amount of such additional adjuvant having regard to the 
other constituents to be included in the formulation. 

In one embodiment of the parenteral vaccine formulation, 
the adjuvant is magnesium hydroxide. In another 
embodiment of the parenteral vaccine formulation, the 
adjuvant is magnesium carbonate hydroxide pentahydrate . 
In a third embodiment of the parenteral vaccine 
formulation, the adjuvant is titanium dioxide. In a 
fourth embodiment of the parenteral vaccine formulation, 
the adjuvant is a combination of magnesium hydroxide and 
magnesium carbonate hydroxide pentahydrate, magnesium 
hydroxide and titanium dioxide, or magnesium carbonate 
hydroxide pentahydrate and titanium dioxide. In a fifth 
embodiment, the adjuvant is a combination of magnesium 
hydroxide, magnesium carbonate hydroxide pentahydrate, 
and titanium oxide. Such parenteral vaccine formulations 
may also suitably comprise an additional adjuvant. Such 
additional adjuvants are selected from those indicated 
above. However, the additional adjuvant is preferably 
selected from saponins such as Quil A and Qs-21, MF59, 
MPL, PLG, PLG A, calcium phosphate, and aluminium salts. 

Furthermore, it may be possible to manufacture vaccine 
formulations having combined characteristics such as 
earlier onset, prolonged persistence, increased potency, 
Th : , Th- and/or cytotoxic response depending on the 
choice of adjuvants or combination of adjuvants. Thus, it 
could be beneficial to use different adjuvant schemes 
depending on the type of vaccination. For instance, an 
adjuvant providing an early onset may be used for the 
initial vaccination, and an adjuvant providing enhanced 
potency may be used for boosters. For this purpose, a 
combination of the adjuvants described herein may be very 
suitable . 
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By including an additional adjuvant, it may be possible 
to prepare vaccine formulations with further specific or 
enhanced properties. For instance, addition of MPL may 
5 result in a formulation that predominantly induces a Th L 
type immune response, whereas addition of saponins may 
result in a formulation that induces a Thi type immune 
response as well as a cytotoxic response. Furthermore, a 
combination of one or more adjuvant salts in the 
10 parenteral vaccine formulations of the invention and one 
or more additional adjuvants may enable an advantageous 
combined adjuvant effect, possibly enabling the 
modulation of Thi, Th^ and/or cytotoxic response (s). 

15 In another aspect, the present invention relates to 
adjuvant compositions for parenteral use comprising one 
or more salts selected from salts formed with a Group 2 
element of the Periodic Table or a Group 4 element of the 
Periodic Table, 

20 and hydrates thereof, 

with the proviso that the salt is not calcium phosphate. 

Thus, the adjuvant composition is preferably such, 
wherein the salt is selected from salts formed with Be, 
25 Mg, Ca, Sr, Ba, Ra, Ti, Zr, Hf, or Rf, 

and hydrates thereof, however, having regard to the 
proviso above. 

Although the salt may be an organic or an inorganic salt, 
30 cf. above, the adjuvant composition of the invention is 
preferably such, wherein the salt is selected from 
inorganic salts. 

In a preferred embodiment, the adjuvant composition is 
35 such, wherein the salt is selected from salts formed with 
oxides, peroxides, hydroxides, carbonates, phosphates, 
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pyrophosphates , hydrogenphosphates , dihydrogenphosphates , 
sulphates, and/or silicates, 

and hydrates thereof, however having regard to the 
proviso above. 

As mentioned above, double salts are also part of the 
present invention. Salts having di- or tri-cations or 
-anions are also part of the invention. 

In particular, the adjuvant composition is such, wherein 
the salt is selected from salts formed between Mg, Ca, 
Ba, Ti, or Zr, and oxide, peroxide, hydroxide, and/or 
carbonate, and hydrates thereof, however, having regard 
to the proviso above. 

The adjuvant composition may particularly be such, 
wherein the salt is selected from salts formed between 

magnesium and oxide, peroxide, hydroxide, and/or 
carbonate, 

calcium and oxide, peroxide, hydroxide, and/or carbonate, 
barium and oxide, peroxide, hydroxide, and/or carbonate, 
titanium and oxide, peroxide, hydroxide, and/or 
carbonate, and 

zirconium and oxide, peroxide, hydroxide, and/or 
carbonate, 

and hydrates thereof. 


In a special embodiment, the adjuvant composition is 
such, wherein the salt is selected from magnesium 
hydroxide, magnesium carbonate hydroxide pentahydrate, 
titanium dioxide, calcium carbonate, barium hydroxide, 
barium peroxide, barium carbonate, barium sulphate, 
beryllium oxide, calcium sulphate, calcium silicate, 
dicalcium silicate, tricalcium silicate, calcium 
pyrophosphate, calcium peroxide, calcium hydroxide, 
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tricalcium phosphate, calcium hydrogenphosphate, calcium 
dihydrogenphosphate, calcium sulphate dihydrate, 
magnesium carbonate, magnesium oxide, magnesium dioxide, 
magnesium sulphate, trimagnesium phosphate, magnesium 
silicate, dimagnesium trisilicate, magnesium trisilicate, 
titantium disulphate, zirconium dioxide, zirconium 
hydroxide, zirconium sulphate, strontium peroxide, and 
strontium carbonate . 

Preferably, the adjuvant composition is such, wherein the 
salt is selected from magnesium hydroxide, magnesium 
carbonate hydroxide pentahydrate, and titanium dioxide. 

In some cases, it may be advantageous to include an 
additional adjuvant in the adjuvant composition. Thus, in 
one embodiment, the adjuvant composition of the invention 
further comprises an additional adjuvant. The additional 
adjuvant may suitably be selected from those mentioned 
above. In a preferred embodiment, the additional adjuvant 
is selected from saponins such as Quil A and Qs-21, MF59, 
MPL, PLG, PLG A, calcium phosphate, and aluminium salts. 

The adjuvant composition of the invention may further 
comprise pharmaceutically acceptable excipients and/or 
carriers . 

Furthermore, the adjuvant composition may comprise 
diluents, buffers, suspending agents, solubilising 
agents, pH-adjusting agents, dispersing agents, and/or 
colorants . 

In the adjuvant composition of the invention which may be 
available as a powder or a gel or suspension, the cation 
of the salt may suitable be present in an amount of from 
about 0.0004 to about 120 M, such as from about 0.004 to 
about 12 M, preferably from about 0.008 to about 6 M. 


In one embodiment of the adjuvant composition, the salt 
is magnesium hydroxide. In another embodiment of the 
adjuvant composition, the salt is magnesium carbonate 
hydroxide pentahydrate . In a third embodiment of the 
adjuvant composition, the salt is titanium dioxide. In a 
fourth embodiment of the adjuvant composition, the salt 
is a combination of magnesium hydroxide and magnesium 
carbonate hydroxide pentahydrate, magnesium hydroxide and 
titanium dioxide, or magnesium carbonate hydroxide 
pentahydrate and titanium dioxide. In a fifth embodiment, 
the salt is a combination of magnesium hydroxide, 
magnesium carbonate hydroxide pentahydrate and titanium 
dioxide. Such adjuvant composition may suitably comprise 
an additional adjuvant. Such additional adjuvants are 
suitably selected from those indicated above. In a 
preferred embodiment, the additional adjuvant selected 
from saponins such as Quil A and Qs-21, MF59, MPL, PLG, 
PLG A, calcium phosphate and aluminium salts. 

In another embodiment, the salt(s) is (are) selected so 
as to have a low solubility and/or high lattice energy. 

In a third aspect, the present invention relates to 
adjuvants comprising one or more salts selected from 
salts formed with a Group 2 element of the Periodic Table 
or a Group 4 element of the Periodic Table, 
and hydrates thereof, 

with the proviso that the salt is not calcium phosphate. 

Thus, the adjuvant of the invention is such, wherein the 
salt is selected from salts formed with Be, Mg, Ca, Sr, 
Ba, Ra, Ti, Zr, Hf, or Rf, 

and hydrates thereof, however having regard to the 
proviso above. 


The adjuvant of the invention may comprise organic and/or 
inorganic salts. 

In a preferred embodiment of the adjuvant of the 
invention, the salt is selected from inorganic salts. 

The adjuvant of. the invention may suitably be such, 
wherein the salt is selected from salts formed with 
oxides, peroxides, hydroxides, carbonates, phosphates, 
pyrophosphates, hydrogenphosphates, dihydrogenphosphates, 
sulphates, and silicates, 

and hydrates thereof, however having regard to the 
proviso above. 


In particular the adjuvant may be such, wherein the salt 
is selected from salts formed between Mg, Ca, Ba, Ti, or 
Zr, and oxide, peroxide, hydroxide, and/or carbonate, 
and hydrates thereof. 


Particularly interesting adjuvants are such, wherein the 
salt is selected from salts formed between 


magnesium and oxide, peroxide, hydroxide, and/or 
carbonate, 

calcium and oxide, peroxide, hydroxide, and/or carbonate, 
barium and oxide, peroxide, hydroxide, and/or carbonate, 
titanium and oxide, peroxide, hydroxide, and/or 
carbonate, and 

zirconium and oxide, peroxide, hydroxide, and/or* 
carbonate, 

and hydrates thereof. 


In one embodiment of the adjuvant of the invention, the 
salt is selected from magnesium hydroxide, magnesium 
carbonate hydroxide pentahydrate, titanium dioxide, 
calcium carbonate, barium hydroxide, barium peroxide, 
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barium carbonate, barium sulphate, beryllium oxide, 
calcium sulphate, calcium silicate, dicalcium silicate, 
tricalcium silicate, calcium pyrophosphate, calcium 
peroxide, calcium hydroxide, tricalcium phosphate, 
5 calcium hydrogenphosphate, calcium dihydrogenphosphate, 
calcium sulphate dihydrate, magnesium carbonate, 
magnesium oxide, magnesium dioxide, magnesium sulphate, 
trimagnesium phosphate, magnesium silicate, dimagnesium 
trisilicate, magnesium trisilicate, titantium disulphate, 
10 zirconium dioxide, zirconium hydroxide, zirconium 
sulphate, strontium peroxide, and strontium carbonate. 

In a preferred embodiment, the adjuvant is such, wherein 
the salt is selected from magnesium hydroxide, magnesium 

15 carbonate hydroxide pentahydrate, and titanium dioxide, 
or the salt is selected from a combination of magnesium 
hydroxide and magnesium carbonate hydroxide pentahydrate, 
magnesium hydroxide and titanium dioxide, magnesium 
carbonate hydroxide pentahydrate and titanium dioxide, or 

20 magnesium hydroxide, magnesium carbonate hydroxide 
pentahydrate, and titanium dioxide. 

In a fourth aspect, the present invention relates to the 
use of a salt formed with a Group 2 element of the 
25 Periodic Table or a Group 4 element of the Periodic 
Table, 

and hydrates thereof, 

as an adjuvant in a vaccine formulation for parenteral 
administration, 

30 with the proviso that the salt is not calcium phosphate, 
and 

to the use of a salt formed with a Group 2 element of the 
Periodic Table or a Group 4 element of the Periodic 
Table, 

35 and hydrates thereof, 

as a component of an adjuvant composition, 


with the proviso that the salt is not calcium phosphate. 

Thus, salts formed with Be, Mg, Ca, Sr, Ba, Ra, Ti, Zr, 
Hf, or Rf, and hydrates thereof are preferably used. It 
lies within the scope of the invention to use the salts 
separately or in combination. The use of double salts 
also lies within the scope of the present invention as 
does the use of di- and tri- cationic or anionic salts. 

The salt may be an organic or an inorganic salt, but 
preferably a salt selected from inorganic salts is used. 

In particular, the salt to be used is selected from salts 
formed with oxides, peroxides, hydroxides, carbonates, 
phosphates, pyrophosphates, hydrogenphosphates, dihydro- 
genphosphates, sulphates, and silicates, 
and hydrates thereof. 

In one embodiment, the salt to be used is selected from 
salts formed between Mg, Ca, Ba, Ti, or Zr, and oxide, 
peroxide, hydroxide, and/or carbonate, 
and hydrates thereof. 

In another embodiment, the salt to be used is selected 
from salts formed between 

magnesium and oxide, peroxide, hydroxide, and/or 
carbonate, 

calcium and oxide, peroxide, hydroxide, and/or carbonate, 
barium and oxide, peroxide, hydroxide, and/or carbonate, 
titanium and oxide, peroxide, hydroxide, and/or 
carbonate, and 

zirconium and oxide, peroxide, hydroxide, and/or 
carbonate, 

and hydrates thereof. 
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In a special embodiment, the salt to be used is selected 
from magnesium hydroxide, magnesium carbonate hydroxide 
pentahydrate, titanium dioxide, calcium carbonate, barium 
hydroxide, barium peroxide, barium carbonate, barium 
sulphate, calcium sulphate, tricalcium silicate, calcium 
pyrophosphate, calcium peroxide, calcium hydroxide, 
tricalcium phosphate, calcium hydrogenphosphate, calcium 
dihydrogenphosphate, calcium sulphate dihydrate, 
magnesium carbonate, magnesium sulphate, trimagnesium 
phosphate, magnesium silicate, magnesium trisilicate, 
titantium disulphate, zirconium sulphate, strontium 
peroxide, and strontium carbonate. 

In a currently preferred embodiment, the salt to be used 
is selected from magnesium hydroxide, magnesium carbonate 
hydroxide pentahydrate, and titanium dioxide, or a 
combination of magnesium hydroxide and magnesium 
carbonate hydroxide pentahydrate, magnesium hydroxide and 
titanium dioxide, magnesium carbonate hydroxide 
pentahydrate and titanium dioxide, or magnesium 
hydroxide, magnesium carbonate hydroxide pentahydrate, 
and titanium dioxide. 

In a fifth aspect, the present invention relates to 
methods of generating an immune response in a subject, 
which methods comprise administering to the subject a 
parenteral vaccine formulation of the invention. 

In a sixth aspect, the present invention enables the 
vaccination or treatment of a vertebrate including a 
human being comprising administering to the subject a 
vaccine formulation of the invention. 

As described above, the parenteral vaccine compositions 
of the present invention comprise at least one 
immunogenic substance. Thus, the inclusion of two, three, 


four, five, six or more immunogenic substances are 
contemplated and believed to be advantageous in some 
cases. The amount of immunogenic substance is) depends on 
the immunogenic substance or combination of immunogenic 
substances in question. However, it is contemplated that 
the amount of immunogenic substance required to induce an 
immune response can, in some cases, be reduced due to the 
beneficial effects of the adjuvant salts. Thus, the 
amount of each immunogenic substance will typically be in 
the range of from 0.0001 to 100000 jag/dose, such as from 
0.01 to 10000 (ig/dose, from 0.1 to 1000 ng/dose, or from 
1 to 100 jig/dose. 

The administration of the vaccine formulation of the 
invention may be as single doses or as several doses. In 
certain cases, administration only once may be 
sufficient. In general, several doses should be given 
with intervals of a day, a week, two weeks, a month, or 
several months, etc. For example, a single dose may be 
given once, or a dose may be given as a primer, followed 
by one or more booster vaccinations, or a continuous 
vaccination regime like up to four doses per week, 
followed by one month without vaccinations, followed by 
up to four doses per week (optionally with increasing 
amount of immunogen) , etc. Optionally different adjuvants 
or combination of adjuvants may be used in the different 
vaccinations. These are all examples, and the optimal 
vaccination regime depends on the immunogenic substance 
in question and several other factors. The person skilled 
in the art will readily know how to optimise this. 

The adjuvant compositions of the invention can be 
prepared by forming a suspension or gel of the adjuvant 
salts by adding liquid, optionally containing buffer, 
other salts, solvents or excipients, to a dry form of the 
salt, or, alternatively, adding liquid optionally 


containing buffer, other salts, excipients, to a pre- 
equilibrated pre-formed gel of the adjuvant salts. The 
adjuvant composition may then be formulated to a vaccine 
formulation with desired immunogenic substance (s) by 
mixing the adjuvant composition with the immunogenic 
substance (s) , and, if necessary, leaving them to 
equilibrate before filling. The adjuvant composition and 
the immunogenic substance (s) may alternatively be mixed 
in a more concentrated form, thereby enabling later 
dilution. 

Thus in a seventh aspect, the present invention relates 
to a process for preparing a parenteral vaccine 
formulation according to the invention, which process 
comprises adding liquid to a dry form of or a pre-formed 
gel of a salt formed with a Group 2 element of the 
Periodic Table or a Group 4 element of the Periodic 
Table, the salt not being calcium phosphate, thereby 
obtaining an adjuvant composition, and mixing said 
adjuvant composition with one or more immunogenic 
substances and optionally pharmaceutically acceptable 
carriers and/or excipients, thereby obtaining the 
parenteral vaccine formulation. 

In an eighth aspect, the present invention relates to 
parenteral vaccine formulations obtainable by the process 
defined above. 

Containers for mixing and storage of the adjuvant 
compositions and vaccine formulations of the invention 
may be made of glass or various polymeric materials. The 
containers chosen should not adsorb the product stored. 
The containers may suitably be ampoules or capped vials 
for mono- or multidosage. 
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The invention is further illustrated by the following 
non-limited examples. 

EXAMPLES 

5 

Below, the procedures and protocols applied in carrying 
out the experiments of Examples 1 and 2 are described in 
general . 

10 Immunogenic substance : 

Tetanus toxoid (TT) containing 3.0 mg protein/ml, 
(obtained from Statens Serum Institut, DK-2300 Copenhagen 
S, Denmark) . Vaccine formulations containing aluminium 
hydroxide, as an adjuvant, contained either 30 \iq, 10 \ig 

15 or 1 fag TT per dose (300 fig/ml, 100 fig/ml, and 10 jag/ml, 
respectively) , and vaccine formulations of the invention 
containing magnesium hydroxide, magnesium carbonate 
hydroxide pentahydrate or titanium dioxide, as an 
adjuvant of the invention, and the adjuvant free vaccine 

20 formulation (termed *no adjuvant") all contained 1 jag TT 
per dose (10 jug/ml) . 

Adjuvants ; 

The molar concentration stated below are for the final 
25 vaccine formulations: 

Aluminium hydroxide, Al (OH) 3 0.045-0.05 M Al 3+ (1.25 mg 
Al 3 Vml) . Prepared from Alhydrogel 1.3%® (Superfos, DK- 
2950 Vedba?k, Denmark) . 

30 

Magnesium hydroxide, Mg(OH) 2 0.05 M Mg 2+ . Prepared from 
Mg (OH) : gel (Reheis, USA). 

Magnesium carbonate hydroxide pentahydrate, 

35 (MgC0 3 ) .;Mg (OH) iSH^O, 0.05 M Mg -\ Prepared from Magnesium 
carbonate hydroxide pentahydrate (Sigma USA) . 
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Titanium dioxide, TiO : , 0.05 M Ti 4+ . Prepared from 
Titanium dioxide pigment (Kemira, Finland) . 

5 Preparation of the vaccine formulations : 

The vaccine formulations were prepared as follows: 

TT was dissolved or diluted to a concentration 10 times 
that of the concentration in the final vaccine 

10 formulation. The adjuvant was dissolved or diluted to a 
concentration five times that of the concentration in the 
final vaccine formulation, with regard to the cation. 1 
volume TT solution was slowly mixed with 2 volumes 
adjuvant, and left stirring over night at 4°C. The 

15 following day 7 volumes Coca 0.0 buffer (0.25% sodium 
hydrogen carbonate and 0.5% sodium chloride) was slowly 
added. The adjuvant free vaccine was prepared as above, 
with the modification that the adjuvant was substituted 
with Coca 0.0 buffer. 

20 

Immunisations : 

For each vaccine formulation, groups of 8 female BALB/Ca 
mice, 6-8 weeks of age, were given subcutaneous 
immunisations, inguinally, on days 0 and 14. Each 
25 immunisation consisted of 100 [il vaccine. 

Blood samples were drawn from the retro orbital vein 
every 7 days, starting on day 0. Serum was separated from 
the blood sample, and stored at -20°C, until analysed. 

30 

Analysing serum samples : 

Serum samples were analysed for the presence of TT- 
specific immune response by means of a direct enzyme 
linked immunosorbent assay (ELISA) , measuring TT-specific 
35 antibodies of the IgG class. Briefly, immunosorbent 
plates (Nunc Maxisorp®, Nunc, Denmark) were coated in a 
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well known manner with TT, and free binding sites were 

bl ocked with bovine serum albumin. Serial dilutions of 
serum samples from the immunised mice were then added 
onto the plate, together with serial dilutions of a 
negative control serum pool from unimmunised BALB/Ca 
mice. A monoclonal TT-specific antibody (obtained from 
Statens Serum Institut, Copenhagen, Denmark) , added in 
serial dilutions served both as a positive control, as 
well as an internal standard, used for determining the 
titre. All samples were added in duplicate. 

Bound antibodies were detected by serial incubations of 
the plate with a biotinylated, polyclonal antiserum to 
mouse IgG (obtained from Jackson Laboratories, Bar 
Harbour, ME, USA) followed by a streptavidine-horseradish 
peroxidase conjugate (obtained from DAKO A/S, Glostrup, 
Denmark) . The plates were developed for 20 minutes with 
100 nl readymade TMB substrate (Kem-En-Tech, Denmark) per 
well, and the reaction as stopped with an equal volume of 
1M H : S0 4 . 

The developed colour reaction was measured as absorption 
at 450 nm. 

Data analysis : 

The absorption at 450 nm was plotted against the dilution 
of the serum, for each individual mouse, as well as the 
geometric mean for individual groups. 

The strength of the TT-specific antibody response in each 
serum sample was measured as an arbitrary titre, 
determined as the serum dilution giving an absorption 
signal equal to 50% of that obtained with a 3000 fold 
dilution of the TT-specific monoclonal antibody. Mice 
that did not respond, i.e., whose responses were 
indistinguishable from those seen with the serum pool 
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from un immunised control mice, were assigned a titre of 
10. Mice that responded, but with responses below the 
magnitude required to determine a titre, were assigned a 
titre of 100. 

EXAMPLE 1 

One immunisation with vaccine formulations of the 


invention 

comprising either 

magnesium hydroxide, 

magnesium 

carbonate pentahydrate, 

or titanium dioxide as 


an adjuvant 

The vaccines were prepared as described above, and the 
mice were immunised once on day 0 as described above. 
Blood was drawn on day 7, and serum was prepared and 
analysed as described above. 

In Figure 1, the results are depicted as titres for 
individual mice, as well as the mean titre for each 
group. The adjuvant given is indicated below each group. 
The number in parenthesis indicates the amount (in \xg) of 
immunogen (TT) given. 

As can be seen from Figure 1, vaccine formulations 
comprising either magnesium hydroxide, magnesium 
carbonate pentahydrate, or titanium dioxide as an 
adjuvant, were more potent at inducing TT-specific 
antibodies, than vaccine formulation containing Al (OH) 3 
as an adjuvant. Induction of TT-specific antibodies using 
an Al (OH) 3-containing vaccine formulations required 10-30 
times as much immunogen (TT) as vaccine formulations 
comprising either magnesium hydroxide, magnesium 
carbonate pentahydrate, or titanium dioxide as an 
adjuvant. Thus, the experiment clearly shows that when 
the adjuvants of the invention is included in parenteral 
vaccine formulations, the amount of antigen necessary to 
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induce an immune response, following one immunisation, is 
reduced . 

EXAMPLE 2 

5 

Immunisations with vaccine formulations of the invention 
comprising either magnesium hydroxide/ magnesium 
carbonate pentahydrate/ or titanium dioxide as an 
adjuvant 

10 

The vaccine formulations were prepared as described 
above, and the mice were immunised on day 0 and 14 with 1 
yig of TT as described above. Blood was drawn every 7 days 
from day 0 to 42, and serum was prepared and analysed as 
15 described above . 

Results, given as the geometric mean titre of the whole 
group, are shown for days 7 and 28 in Figure 2A and 2B. 
The adjuvant used is indicated below each group. As can 

20 be seen in Figure 2A, vaccine formulations comprising 
either magnesium hydroxide, magnesium carbonate 
pentahydrate, or titanium dioxide as an adjuvant induce 
specific immune responses with an earlier onset than 
vaccine formulations containing Al (OH) 3 as an adjuvant. 

25 Furthermore, as can be seen in Figure 2B, following a 
second vaccination of all mice on day 14, the immune 
responses induced with vaccine formulations containing 
either magnesium hydroxide, magnesium carbonate 
pentahydrate, or titanium dioxide as an adjuvant, induce 

30 specific immune responses similar in magnitude to those 
induced by a vaccine containing A1(0H) 3 as an adjuvant. 

Thus, when the adjuvant salts are included in parenteral 
vaccine formulations, a persistent, specific immune 
35 response is induced. Furthermore, and earlier onset is 
observed, and the magnitude of the immune response is 


36 


comparable to that seen with vaccine formulations 
containing A1(0H) 3 as an adjuvant. 
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CLAIMS 

1. A parenteral vaccine formulation comprising at least 
one immunogenic substance, and as an adjuvant one or more 

5 salts selected from salts formed with a Group 2 element 
of the Periodic Table or a Group 4 element of the 
Periodic Table, 
and hydrates thereof, 

with the proviso that the salt is not calcium phosphate. 

10 

2. A parenteral vaccine formulation according to claim 1, 
wherein the adjuvant is selected from salts formed with 
Be, Mg, Ca, Sr, Ba, Ra, Ti, Zr, Hf, or Rf, 

and hydrates thereof. 

15 

3. A parenteral vaccine formulation according to claim 1 
or 2, wherein the adjuvant is selected from inorganic 
salts . 

20 4. A parenteral vaccine formulation according to claim 1 
or 2, wherein the adjuvant is selected from organic 
salts . 

5. A parenteral vaccine formulation according to claims 
25 1-3, wherein the adjuvant is selected from salts formed 

with oxides, peroxides, hydroxides, carbonates, 
phosphates , pyrophosphates , hydrogenphosphates , dihydro- 
genphosphates, sulphates, and/or silicates, 
and hydrates thereof. 

30 

6. A parenteral vaccine formulation according to claims 
1-3, and 5, wherein the adjuvant is selected from salts 
formed between Mg, Ca, Ba, Ti, or Zr, and oxide, 
peroxide, hydroxide, and/or carbonate, 

35 and hydrates thereof. 
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7. A parenteral vaccine formulation according to claims 
1-3, and 5-6, wherein the adjuvant is selected from salts 
formed between 

magnesium and oxide, peroxide, hydroxide, and/or 
carbonate, 

calcium and oxide, peroxide, hydroxide, and/or carbonate, 
barium and oxide, peroxide, hydroxide, and/or carbonate, 
titanium and oxide, peroxide, hydroxide, and/or 
carbonate, and 

zirconium and oxide, peroxide, hydroxide, and/or 
carbonate, 

and hydrates thereof. 

8. A parenteral vaccine formulation according to claims 
1-3, and 5-7, wherein the adjuvant is selected from 
magnesium hydroxide, magnesium carbonate hydroxide 
pentahydrate, titanium dioxide, calcium carbonate, barium 
hydroxide, barium peroxide, barium carbonate, barium 
sulphate, beryllium oxide, calcium sulphate, calcium 
silicate, dicalcium silicate, tricalcium silicate, 
calcium pyrophosphate, calcium peroxide, calcium 
hydroxide, tricalcium phosphate, calcium hydrogen- 
phosphate, calcium dihydrogenphosphate, calcium sulphate 
dihydrate, magnesium carbonate, magnesium oxide, 
magnesium dioxide, magnesium sulphate, trimagnesium 
phosphate, magnesium silicate, dimagnesium trisilicate, 
magnesium trisilicate, titantium disulphate, zirconium 
dioxide, zirconium hydroxide, zirconium sulphate, 
strontium peroxide, and strontium carbonate. 

9. A parenteral vaccine formulation according to claims 
1-3, and 5-8, wherein the adjuvant is selected from 
magnesium hydroxide, magnesium carbonate hydroxide 
pentahydrate, and titanium dioxide. 
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10. A parenteral vaccine formulation according to claims 
1-9 further comprising an additional adjuvant. 

11. A parenteral vaccine formulation according to claim 
5 10, wherein the additional adjuvant is selected from 

saponins such as Quil A and Qs-21, MF59, MPL, PLG, PLGA, 
calcium phosphate, and aluminium salts. 

12. A parenteral vaccine formulation according to claims 
10 1-11 further comprising pharmaceutical^ acceptable 

excipients and/or carriers. 

13. A parenteral vaccine formulation according to claims 
1-12 further comprising diluents, buffers, suspending 

15 agents, solubilising agents, pH-adjusting agents, 
dispersing agents, and/or colorants. 

14. A parenteral vaccine formulation according to claims 
1-13 for intravenous, intramuscular, intraarticular, 

20 subcutaneous, intradermal, epicutantous, and intra- 
peritoneal administration . 

15. A parenteral vaccine formulation according to claims 
1-14, wherein the cation of the adjuvant is present in an 

25 amount of from about 0.0004 to about 120 M, such as from 
about 0.004 to about 12 M. 

16. A parenteral vaccine formulation according to claim 
15, wherein the cation of the adjuvant is present in an 

30 amount of from about 0.008 to about 6 M. 

17. A parenteral vaccine formulation according to claims 
1-16, wherein the adjuvant is magnesium hydroxide. 
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18. A parenteral vaccine formulation according to claims 
1-16, wherein the adjuvant is magnesium carbonate 
hydroxide pentahydrate. 


5 19. A parenteral vaccine formulation according to claims 
1-16, wherein the adjuvant is titanium dioxide. 


20. A parenteral vaccine formulation according to claims 
1-16, wherein the adjuvant is a combination of magnesium 

10 hydroxide and magnesium carbonate hydroxide pentahydrate, 
magnesium hydroxide and titanium dioxide, magnesium 
carbonate hydroxide pentahydrate and titanium dioxide, or 
magnesium hydroxide, magnesium carbonate hydroxide 
pentahydrate, and titanium dioxide. 

15 

21. A parenteral vaccine formulation according to claims 
17-20 further comprising an additional adjuvant selected 
from saponins such as Quil A and Qs-21, MF59, MPL, PLG, 
PLGA, calcium phosphate, and aluminium salts. 

20 

22. An adjuvant composition for parenteral use comprising 
one or more salts selected from salts formed with a Group 
2 element of the Periodic Table or a Group 4 element of 
the Periodic Table, 

25 and hydrates thereof, 

with the proviso that the salt is not calcium phosphate. 

23. An adjuvant composition according to claim 22, 
wherein the salt is selected from salts formed with Be, 

30 Mg, Ca, Sr, Ba, Ra, Ti, Zr, Hf, or Rf, 
and hydrates thereof. 


24. An adjuvant composition according to claim 22 or 23, 
wherein the salt is selected from inorganic salts. 


35 
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25. An adjuvant composition according to claim 22 or 23, 
wherein the salt is selected from organic salts. 

26. An adjuvant composition according to claims 22-24, 
5 wherein the salt is selected from salts formed with 

oxides, peroxides, hydroxides, carbonates, phosphates, 
pyrophosphates, hydrogenphosphates, dihydrogenphosphates, 
sulphates, and/or silicates, 
and hydrates thereof. 

10 

27. An adjuvant composition according to claims 22-24, 
and 26, wherein the salt is selected from salts formed 
between Mg, Ca, Ba, Ti or Zr, and oxide, peroxide, 
hydroxide, and/or carbonate, 

15 and hydrates thereof. 

28. An adjuvant composition according to claims 22-24, 
and 26-27, wherein the salt is selected from salts formed 
between 

20 

magnesium and oxide, peroxide, hydroxide, and/or 
carbonate, 

calcium and oxide, peroxide, hydroxide, and/or carbonate, 
barium and oxide, peroxide, hydroxide, and/or carbonate, 
25 titanium and oxide, peroxide, hydroxide, and/or 
carbonate, and 

zirconium and oxide, peroxide, hydroxide, and/or 
carbonate, 

and hydrates thereof. 

30 

29. An adjuvant composition according to claims 22-24, 
and 26-28, wherein the salt is selected from magnesium 
hydroxide, magnesium carbonate hydroxide pentahydrate, 
titanium dioxide, calcium carbonate, barium hydroxide, 

35 barium peroxide, barium carbonate, barium sulphate, 
beryllium oxide, calcium sulphate, calcium silicate, 


dicalcium silicate, tricalcium silicate, calcium 
pyrophosphate, calcium peroxide, calcium hydroxide, 
tricalcium phosphate, calcium hydrogenphosphate, calcium 
dihydrogenphosphate, calcium sulphate dihydrate, 
magnesium carbonate, magnesium oxide, magnesium dioxide, 
magnesium sulphate, trimagnesium phosphate, magnesium 
silicate, dimagnesium trisilicate, magnesium trisilicate, 
titantium disulphate, zirconium dioxide, zirconium 
hydroxide, zirconium sulphate, strontium peroxide, and 
strontium carbonate, 

30. An adjuvant composition according to claims 22-24, 
and 26-29, wherein the salt is selected from magnesium 
hydroxide, magnesium carbonate hydroxide pentahydrate, 
and titanium dioxide. 

31. An adjuvant composition according to claims 22-30 
further comprising an additional adjuvant. 

32. An adjuvant composition according to claim 31, 
wherein the additional adjuvant is selected from saponins 
such as Quil A and Qs-21, MF59, MPL, PLG, PLGA, calcium 
phosphate, and aluminium salts. 

33. An adjuvant composition according to claims 22-32 
further comprising pharmaceutical^ acceptable excipients 
and/or carriers. 

34. An adjuvant composition according to claims 22-33 
further comprising diluents, buffers, suspending agents, 
solubilising agents, pH-adjusting agents, dispersing 
agents, and/or colorants. 

35. An adjuvant composition according to claims 22-34, 
wherein the cation of the salt is present in an amount of 
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from about 0.0004 to about 120 M, such as from about 
0.004 to about 12 M. 

36. An adjuvant composition according to claim 35, 
5 wherein the cation of the salt is present in an amount of 

from about 0,008 to about 6 M. 

37. An adjuvant composition according to claims 22-36, 
wherein the salt is magnesium hydroxide. 

10 

38. An adjuvant composition according to claims 22-36, 
wherein the salt is magnesium carbonate hydroxide 
pentahydrate . 

15 39. An adjuvant composition according to claims 22-36, 
wherein the salt is titanium dioxide. 

40. An adjuvant composition according to claims 22-36, 
wherein the salt is a combination of magnesium hydroxide 

20 and magnesium carbonate hydroxide pentahydrate, magnesium 
hydroxide and titanium dioxide, magnesium carbonate 
hydroxide pentahydrate and titanium dioxide, or magnesium 
hydroxide, magnesium carbonate hydroxide pentahydrate, 
and titanium dioxide. 

25 

41. An adjuvant composition according to claims 37-40 
further comprising an additional adjuvant selected from 
saponins such as Quil A and Qs-21, MF59, MPL, PLG, PLGA, 
calcium phosphate, and aluminium salts. 

30 

42. An adjuvant comprising one or more salts selected 
from salts formed with a Group 2 element of the Periodic 
Table or a Group 4 element of the Periodic Table, 

and hydrates thereof, 
35 with the proviso that the salt is not calcium phosphate. 
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43. An adjuvant according to claim 42, wherein the salt 
is selected from salts formed with Be, Mg, Ca, Sr, Ba, 
Ra, Ti, Zr, Hf, or Rf, 

and hydrates thereof. 

5 

44. An adjuvant according to claim 42 or 43, wherein the 
salt is selected from inorganic salts. 

45. An adjuvant according to claims 42 or 43, wherein the 
10 salt is selected from organic salts. 

46. An adjuvant according to claims 42-44, wherein the 
salt is selected from salts formed with oxides, 
peroxides, hydroxides, carbonates, phosphates, pyro- 

15 phosphates, hydrogenphosphates, dihydrogenphosphates, 
sulphates, and/or silicates, 
and hydrates thereof. 

47. An adjuvant according to claims 43-44, and 46, 
20 wherein the salt is selected from salts formed between 

Mg, Ca, Ba, Ti or Zr, and oxide, peroxide, hydroxide, 
and/or carbonate, and hydrates thereof. 

48. An adjuvant according to claims 42-44, and 46-47 
25 wherein the salt is selected from salts formed between 

magnesium and oxide, peroxide, hydroxide, and/or 
carbonate, 

calcium and oxide, peroxide, hydroxide, and/or carbonate, 
30 barium and oxide, peroxide, hydroxide, and/or carbonate, 
titanium and oxide, peroxide, hydroxide, and/or 
carbonate, and 

zirconium and oxide, peroxide, hydroxide, and/or 
carbonate, 
35 and hydrates thereof. 
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49. An adjuvant according to claims 42-44, and 46-49 
wherein the salt is selected from magnesium hydroxide, 
magnesium carbonate hydroxide pentahydrate, titanium 
dioxide, calcium carbonate, barium hydroxide, barium 
5 peroxide, barium carbonate, barium sulphate, calcium 
sulphate, tricalcium silicate, calcium pyrophosphate, 
calcium peroxide, calcium hydroxide, tricalcium 
phosphate, calcium hydrogenphosphate, calcium 

dihydrogenphosphate, calcium sulphate dihydrate, 
10 magnesium carbonate, magnesium sulphate, trimagnesium 
phosphate, magnesium silicate, magnesium trisilicate, 
titantium disulphate, zirconium sulphate, strontium 
peroxide, and strontium carbonate. 

15 50. An adjuvant according to claims 42-44, and 46-49, 
wherein the salt is selected from magnesium hydroxide, 
magnesium carbonate hydroxide pentahydrate, and titanium 
dioxide, or the salt is selected from a combination of 
magnesium hydroxide and magnesium carbonate hydroxide 

20 pentahydrate, magnesium hydroxide and titanium dioxide, 
magnesium carbonate hydroxide pentahydrate and titanium 
dioxide, or magnesium hydroxide, magnesium carbonate 
hydroxide pentahydrate, and titanium dioxide. 

25 51. Use of an adjuvant according to claims 42-50 or an 
adjuvant composition according to claims 22-41 as a 
component of a parenteral vaccine formulation. 

52. Use of a salt formed with a Group 2 element of the 
30 Periodic Table or a Group 4 element of the Periodic 
Table, 

and hydrates thereof, 

as an adjuvant in a vaccine formulation for parenteral 
administration, 

35 with the proviso that the salt is not calcium phosphate. 
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53. Use of a salt formed with a Group 2 element of the 
Periodic Table or a Group 4 element of the Periodic 
Table, 

and hydrates thereof, 
5 as a component of an adjuvant composition, 

with the proviso that the salt is not calcium phosphate. 

54. Use according to claim 52 or 53, wherein the salt is 
selected from salts formed with Be, Mg, Ca, Sr, Ba, Ra, 

10 Ti, Zr, Hf, or Rf, 

and hydrates thereof. 

55. Use according to claims 52-54, wherein the salt is 
selected from inorganic salts. 

15 

56. Use according to claims 52-54, wherein the salt is 
selected from organic salts. 

57. Use according to claims 52-55, wherein the salt is 
selected from salts formed with oxides, peroxides, 
hydroxides, carbonates, phosphates, pyrophosphates, 
hydrogenphosphates, dihydrogenphosphates, sulphates, 
and/or silicates, 
and hydrates thereof. 

58. Use according to claims 52-55, and 57 wherein the 
salt is selected from salts formed between Mg, Ca, Ba, 
Ti, or Zr, and oxide, peroxide, hydroxide, and/or 
carbonate, 

and hydrates thereof. 

59. Use according to claims 52-55, and 57-58, wherein the 
salt is selected from salts formed between 

magnesium and oxide, peroxide, hydroxide, and/or 
carbonate, 


25 
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calcium and oxicle, peroxide, hydroxide, and/or carbonate, 
barium and oxide, peroxide, hydroxide, and/or carbonate, 
titanium and oxide, peroxide, hydroxide, and/or 
carbonate, and 

zirconium and oxide, peroxide, hydroxide, and/or 
carbonate, 

and hydrates thereof. 

60.. Use according to claims 52-55, and 57-59, wherein the 
salt is selected from magnesium hydroxide, magnesium 
carbonate hydroxide pentahydrate, titanium dioxide, 
calcium carbonate, barium hydroxide, barium peroxide, 
barium carbonate, barium sulphate, beryllium oxide, 
calcium sulphate, calcium silicate, dicalcium silicate, 
tricalcium silicate, calcium pyrophosphate, calcium 
peroxide, calcium hydroxide, tricalcium phosphate, 
calcium hydrogenphosphate, calcium dihydrogenphosphate, 
calcium sulphate dihydrate, magnesium carbonate, 
magnesium oxide, magnesium dioxide, magnesium sulphate, 
trimagnesium phosphate, magnesium silicate, dimagnesium 
trisilicate, magnesium trisilicate, titantium disulphate, 
zirconium dioxide, zirconium hydroxide, zirconium 
sulphate, strontium peroxide, and strontium carbonate. 

61. Use according to claims 52-55, and 57-60 wherein the 
salt is selected from magnesium hydroxide, magnesium 
carbonate hydroxide pentahydrate, and titanium, dioxide, 
or wherein the salt is selected from a combination of 
magnesium hydroxide and magnesium carbonate hydroxide 
pentahydrate, magnesium hydroxide and titanium dioxide, 
magnesium carbonate hydroxide pentahydrate and titanium 
dioxide, or magnesium hydroxide, magnesium carbonate 
hydroxide pentahydrate, and titanium dioxide. 


62. A method of generating an immune response in a 
subject comprising administering to the subject a 
parenteral vaccine formulation according to claims 1-21. 

63. Vaccination or treatment of a vertebrate including a 
human being comprising administering a vaccine 
formulation according to claims 1-21. 

64. A process for preparing a parenteral vaccine 
formulation according to claims 1-21 comprising adding 
liquid to a dry form of or a pre-formed gel of the salt 
formed with a Group 2 element of the Periodic Table or a 
Group 4 element of the Periodic Table, the salt not being 
calcium phosphate, thereby obtaining an adjuvant 
composition, and mixing said adjuvant composition with 
one or more immunogenic substances and optionally 
pharmaceutical^ acceptable carriers and/or excipients, 
thereby obtaining the parenteral vaccine formulation. 

65. Parenteral vaccine formulation obtainable by the 
process according to claim 64. 
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ABSTRACT 

Parenteral vaccine formulations and adjuvant compositions 
comprising certain salts as adjuvants are disclosed. Such 
5 parenteral vaccine formulations are used for generating 
an immune response in a subject following administration 
of the vaccine formulation or the adjuvant composition. 
Also disclosed is the use of these salts as adjuvants in 
parenteral vaccine formulations and adjuvant 
10 compositions, and to vaccine adjuvants comprising such 
salts . 
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